Abstract-At present,3-D model can be build through point clouds data which is quickly get by laser scanning technology. Most of the researches on registration problems are focused on feature matching method. This paper discusses a method with global optimization algorithm. In order to solve the problem efficiently, we present a method using PSO algorithm with Cross Products of Normal Vector. This method does not require artificial targets and feature points frequently. The fitness function is used the sum of normal vectors' cross products to define, and it applies an efficient "Universal Search" and implements cloud data registration based on the best registration criterion. The application and analysis on example indicates the proposed method is effective and feasible.
I. INTRODUCTION
3-D laser scanning is a technology revolution in surveying and mapping field after the GPS. This technology is able to get the point data with high precision and density, so it is widely used in reverse engineering, surveying and mapping engineering, ancient architecture protection, and 3-D city modeling in recent years [1] .If 3-D laser technology is applied to engineering practice in production, it can improve the work efficiency and can be used as core technique in automated logging to provide a new way for fast accurate and automated surveying and mapping [2] .
Measure in using 3-D laser scanner, a complete object data acquisition needs more station scans, so the registration technology of the many scans is the key technology of data processing. The traditional registration method usually extract feature points in point cloud, using quaternion for the calculation of transformation parameters [3] .But the point cloud data is discrete, feature points is not obvious, so it is difficult to extract characteristics point data automatically.The registration results can not meet the need of 3-D modeling sometimes, since the feature and characteristics of point data are not obvious. This paper advances a kind of fast registration method, it puts forward the object of the point cloud data as a whole and use the normal vector information of point cloud based on PSO algorithm. The search and registration is going on in the global scope in order to get a better matching effect.
The paper is organized as follows. In the next section, we propose the problems and technology in the point cloud registration. In Section 3,the registration criterion is presented. Section 4 presents the PSO algorithm steps. In Section 5, the computational example and analysis is made to illustrate the efficiency of the method. Finally, we conclude our paper in section 6.
II. DISCUSSED PROBLEMS
Point cloud registration is a key technology in 3-D modeling [4, 5] .In the present study point cloud registration algorithms are based on "feature matching" as well as the ICP and its improved algorithms. According to the coordinates of corresponding feature points, the transformation parameters of the two views can be calculated [6, 7] .For the point cloud data, feature extraction algorithm is not mature in itself, it is unable to accurately extract all feature in huge point cloud data all the time, thus the calculation of transformation parameters will also have the deviation. After the splicing multi-stations, the error will be accumulated, it is adverse for modeling [8, 9] .
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Because of point cloud data is huge, it is difficult to match the all the data dir-ectly, even the point cloud and their corresponding ground point in actual may not have the same feature point. If the selection of feature point is inaccurate, it may bring great errors to the results. The problem in point cloud registration is the study need to solve.
III. REGISTRATION CRITERION
In the process of obtaining point cloud data, not only has the coordinates of point cloud data, and the normal vector information of them. Relative to the coordinate information, the normal vector information is better to reflect the spatial character-ristics of the point clouds. In the complete registration situation, the normal vect-or at different stations in theory should be paralleled to each other. By the theo-ry of analytic geometry, parallel to the normal vector of the cross pro-duct is 0.
The formula is written as Eq.1 shows:
Where
( , , ) b x y z r are the normal vectors .
In the registration, if the two groups of point cloud data are matched very well, all its point cloud normal vectors should be paralleled to each other. For the different station point cloud data, the algebraic sum of absolute value about vector cross product should be 0.But due to the instrument and environmental factors effect, there is some error actually, the algebraic sum of absolute value about vector cross product can only be relatively minimal. The formula is written as Eq.2 shows: ( )
Where i P is a random position in point cloud data. The registration process use all the vector information of the point cloud data, not only the individual feature in the overlap region are calculated. So the registr-ation results can achieve optimal overall. Compared with the conventional regist-ration methods, the calculation method of the cross product of vectors is relativel-y simple, fast and high precision.
IV. PSO ALGORITHM
Particle swarm optimization(PSO) is a new evolutionary algorithm developed in recent years [10] .It is initialized to a group of random particle, and then through the iteration to find the optimal solution (fitness), in each iteration, the particle is updated by two "values". First is the optimal particle itself which is called pbest, another is the whole population found in the optimal solution, the global value which is called gbest. The formula is written as Eq.3 shows:
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Where c 1 、c 2 are the non-negative learning parameters, r 1 ,r 2 are random numbers in (0,1),used to keep the diversity. Set
is the current location of particle i,
is the current velocity of
is the best position of the particle i v which is also the particles experienced with the best fitness value position so far, called pbest. For the minimization problem as well as Eq. (2), if the value of the objective function is the smallest, the corresponding fitness value we can get is better. Set
to minimize the objective function.Hence, Eq.(2) can be transformed into Eq. (4): ( ), ( ( 1)) ( ( )) ( 1) ( 1), ( ( 1)) ( ( ))
Set the number of particles in the group is s ,the best position of particle groups is
,just like the global best position "gbest".The formula is written as Eq.5 shows:
Hence, Eq.(3) can be transformed into Eq.(6):
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Where the P ij (t) is a local best position of the particle as well as pbest.P gi (t) is the optimal position of the whole particle swarm so far to search as well as gbest.By updating the particle's position,it can find the best position through the calculation method of the cross product of vectors.
The algorithm process is as follows: Step1: Set the particle swarm random position and velocity initially.
Step2: Calculate the each particle fitness value . Step3: Compare each particle's fitness with the P ij (t).If better than before, update the best position in the current.
Step4: Compare each particle's fitness with the P gi (t).If better than before, update the global position in the current.
Step5: Update the position and velocity of a particle.
Step6: Judge the termination condition of algorithm is satisfied or not, then output the global optimal solution of P gi (t),otherwise turn to Step3 continue to iterate.
Step7: Using P gi (t),namely the optimal transformation parameters for the calculation of point cloud data, get the final registration of point cloud.
V. COMPUTATIONAL EXAMPLES AND ANALYSIS
In order to illustrate the method's effectiveness, we construct a scanning of a quarry using the MATLAB toolbox function to solve the registration problem. After the elimination of noise data, it made a rough registration, and then used the PSO algorithm with criterion for accurate registration and adjustment.
Through two-registration, there are some main views with larger overlap area will be registered firstly, which can be registered with adjacent overlap the largest view secondly. Whole registration requires sequence splicing stations in order to satisfy the conditions of closed traverse, at the same time, the amount of translation and rotation Angle in the transformation parameters should be independent. The registration results will be verified through the closed error of closed traverse.
The results of the registration base on PSO are shown as follows: As can be seen from Figure 1 and Table I , the optimal results shows that the PSO algorithm is feasible and efficient. Because of the feature extraction steps are omitted, the closed error of PSO algorithm is smaller, the reliability and accuracy of registration have been greatly improved.
VI. CONCLUSIONS
Through theoretical analysis and experiment, the registration method based on PSO is proposed in this paper, which does not need the feature points in the calculation, as long as the adjacent station data should have some degree of overlap, so it can achieve high precision. The major advantage of this method is that it can effectively solve the problem like features are not easy to find. Hence, it can be used in condition where artificial targets and feature points is invisible or non-existent.
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